The Nahuche Health and Demographic
Why was the HDSS set up?
The objective of Nahuche HDSS is to provide a platform for conducting research that will inform health service programming and policy. Its set-up began in 2009 in an area with the poorest maternal and child health indicators. 1 It was set up as a collaboration between Zamfara State Government through the State Ministry of Health (SMoH), Department for International Development (DFID) and the Norwegian Government-funded Partnership for Reviving Routine Immunization in Nigeria; Maternal Newborn and Child Health (PRRINN-MNCH) Programme.
The Nahuche HDSS provides detailed longitudinal socio-demographic and health data to detect new health threats, track population changes and assess policy interventions. Its specific objectives are as follows:
i. to provide population-based assessments as a benchmark for comparison with sample survey and other methods for assessing population and health changes, with a target of achieving Millennium Development Goals 4 and 5; ii. to assess the dynamic impact of health and social service policy changes on population health and wellbeing in Nahuche, in order to give real-time feedback on how programmes are working; iii. to provide a platform for collaborative research into innovative strategies and to support capacity strengthening to promote health and well-being in very low-income rural African settings; iv. to disseminate study findings nationally to Nahuche HDSS stakeholders and other upcoming HDSS sites in Nigeria and internationally via the INDEPTH Network, and to contribute towards effective policy and practice.
What does is it cover now?
Nahuche HDSS is a new HDSS, operational for 3 years at the time of this publication, and has served as platform for different types of implementation research since inception. The PRRINN-MNCH Programme in collaboration with the Targeted States High Impact Project (TSHIP) Programme plan to demonstrate and document the most effective model of community-based methods of distribution of misoprostol and chlorhexidine drugs to reduce maternal and infant mortality due to postpartum haemorrhage and neonatal sepsis, respectively. Timely generation of school enrolment rate data-with a focus on the girl-child education-is also part of the new mandate of Nahuche HDSS.
Where is the HDSS area?
The Nahuche HDSS study site is located in Zamfara State of north-western Nigeria (Figure 1a, b) . Situated in Bungudu Local Government Area (LGA), the site is 32 km from the state capital, Gusau, and comprises the six districts of Bella, Gada, Karakai, Nahuche Keku, Nahuche Ubandawaki and Rawayya. Gusau is a key commercial centre with a heterogeneous population from across Nigeria. Almost all members in the study area are Hausa by ethnicity. The Nahuche HDSS study site is made up of over 100 villages under the leadership of the six district heads. Infrastructure remains deficient with inadequate power supply. The sanitation system is underdeveloped and water supply through boreholes is erratic. The road network is bad, with private vehicles being the predominant means of transport. All villages have at least a primary and junior secondary school.
2 Nahuche has a warm tropical climate with temperatures reaching a high of 38 C from March to May. Farming is the most common economic and subsistence activity of the people and is consistent with the slogan of the state 'farming is our pride'.
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High unemployment is a catalyst for temporary labour migration of men. One primary healthcare centre is located adjacent to the offices of HDSS site. Most people access health care from public health facilities and traditional and faith healers. The residential unit is the compound which consists of one or more households together. Traditional houses are mud and grass thatch huts. Modern constructions, made of concrete and corrugated iron, tend to replace traditional houses.
Who is covered by the HDSS and how often have they been followed up?
The full baseline (September-December 2010) census data collection was embarked on after a pilot survey (May and June 2010). Data were collected using standard questionnaires with both closed-and open-ended questions. The data set is a complete data set adapted from the International Network for the Demographic Evaluation of Populations and Their Health (INDEPTH Network) module. The baseline census questionnaire collected information on a number of socio-demographic as well as household characteristics of 125 147 individuals from 19 193 households. A total of 8238 compounds were listed and 7156 were visited, yielding a participation rate of 86.8%. 4 Most of the compounds not visited were located in disputed areas, that is areas with dispute of ownership between two communities. The flow chart of Nahuche HDSS activities since inception is presented in Figure 2 . At the baseline (Table 1) , the surveillance population had a youthful age structure (20.4% of individuals were aged <5 years; 50.9% were <15 years). The elderly (65þ years) accounted for 3% of the population. The mean age was 19.6 years and the most common (88.6%) type of education was Quranic.
The Nahuche HDSS population has a broad-based agesex pyramid. The pyramid implies a young population ( Figure 3 ) and prevalence of high fertility rates. The observed under-reporting in the 0-4 year age group is related to a cultural taboo on the reporting of deaths among neonates and infants. In addition, a male fieldworker is not allowed to interview a female respondent, thereby limiting the opportunity to follow up pregnancy outcomes. Under-reporting of children in the youngest age group may also be associated with low literacy levels within the surveillance area. The narrowing of the pyramid for men within the 15-39 age groups indicates higher migration out for males than females. To ensure that data are of high quality and to minimize under-reporting of events, a community key informant (CKI) system was established in all the districts in the surveillance area and reporting of events and data capturing have improved considerably. CKIs are mainly the imams and religious leaders who are directly involved in performing the naming ceremony or burial ceremony in the surveillance area. They were trained in record-keeping of these events within their catchment areas and were provided with log books which are being used by the field team to update their event reports. The surveillance members, defined as individuals who have resided in the surveillance area for at least 90 days (or a newly born child to a member), are followed up every 180 days. Update rounds are undertaken biannually to maintain accurate denominators for estimation of basic demographic rates.
In a bid to ensure the sustainability of the HDSS beyond the PRRINN-MNCH Programme lifespan, a Memorandum of Understanding (MoU) was signed in 2012 between the Zamfara State Government and Usman Danfodiyo University, Sokoto, in order to harness the technical resources available in the university. Various independent researchers from both within and outside Nigeria have been able to take advantage of the HDSS platform to conduct their Masters or PhD research work.
What has been measured and how has the HDSS database been constructed?
Since the inception of the Nahuche HDSS, health and demographic events and their dynamics have been monitored. These include birth rates, mortality rates, migration, nutrition, family planning, cause of death (VA) and socioeconomic indicators. Household Registration System 2 (HRS2) software is used for data entry. The HRS2 software system maintains a consistent recording of key demographic events that occur in a population in a defined geographical region. This software operates in Windows (using Visual FoxPro) and has a number of features. Flexibility in specifying constraints on the legal values for a data-entry field, and database triggers to help make the appropriate changes in other related tables to maintain consistencies, are among its features. The HRS2 generates up-to-date registration books for use by fieldworkers in updating the surveillance population. Details on the structure of the HRS2 database have been documented elsewhere. 5, 10 The Nahuche HDSS database entity relationship diagram is presented in Figure 4 . The entity relationship shows the dynamics of the surveillance population is defined in terms of the relationship between individuals who were enumerated in the study area during the baseline, those born into the population, those reported dead during subsequent rounds of data collection and those who move in or out of the population. VA data are collected on all deaths reported by the fieldworkers during round visits to households. VA fieldworkers are a team with medical experience and are trained through the use of a structured VA questionnaire. The returned questionnaires are coded for possible cause of death by three trained medical doctors who assign codes based on the WHO International Classification of Death (ICD-10) standard. When there is disagreement on the coding (we need two of or all the three doctors to agree), a consensus coding is arranged for the three doctors to discuss and agree on the probable cause of death. Despite the under-reporting of neonatal deaths in the study area, results from the update round 4 (July-December 2012) VA data collection show that neonatal sepsis is the leading cause of death for the neonates, accounting for 58% of neonatal deaths (Table 2a) . Under-reporting of neonatal death is related to cultural factors and low literacy levels in the surveillance area. This was evident in the number of neonatal deaths (N ¼ 50) reported in round 4 of data collection. As indicated previously it is a cultural taboo for parents to report deaths of neonates and infants, especially those that died within the first week of birth. Malaria remains the leading cause of death for the infants and children in the surveillance area, whereas intestinal infectious diseases and malaria are the leading causes of adult deaths. The cause of death data are presented in Table 2b . A summary of all the measures collected in the Nahuche HDSS and the processes is presented in Table 3 and Figure 5 .
Key findings and publications
At Nahuche HDSS, we have monitored the health and demographic events and their dynamics. The infant mortality rate computed for Nahuche HDSS as at 2012 using the HRS2 database was 59.8 deaths per 1000 live births. The emerging trends in MNCH indicators in Nigeria generally show a decline but remain relatively high for the north-west region. For example, infant mortality declined from 91 to 89 deaths per 1000 live births, from 2008 to 2013. 11 Child mortality declined from 139 to 105 deaths per 1000 children surviving to age 12 months in the region (Table 4a ). The observed trend may be linked to various interventions like community engagement activities to mobilize women to adopt recommended life-saving maternal and child health behaviours, family planning and improved uptake of immunization, among others. The life expectancy for Nahuche HDSS for 2012 was 55 years (males: 54.3, females: 55.2 years). Key findings from the routine HDSS data collection are presented in Table 4b . Fertility rates were calculated for specific age groups to see differences in fertility behaviour and to compare over time. Figure 6 shows the age-specific fertility schedule for women in Nahuche in 2011 and 2012. This schedule translates into a Total Fertility Rate (TFR) of 7.2 and 7.4 children per woman in 2011 and 2012, respectively.
6 Figure 6 looks almost the same for 2011 and 2012, but improvements in reporting vital events (e.g. births) have shifted the 2012 curve upwards since fertility is high in this area, with limited use of contraception. The sisterhood method of estimating maternal mortality was used to estimate: (i) the lifetime risk (LTR) of maternal death; and (ii) maternal mortality ratio (MMR) in Zamfara State of northern Nigeria using Nahuche HDSS data. We collected maternal and child health data from women of reproductive age (15-49 years) as part of the HDSS activities. Data collection procedures for this method are retrospective, simple, quick and based on information about maternal deaths among sisters of the respondents (maternal sisters aged 15-49 years) 7, 8 The inclusion criteria for reported sisters were that they were born to the same mother as the respondent and had reached the reproductive age (15 years). The specific questions were as follows: 9 i. How many sisters have you ever had who reached reproductive age (15 years)? ii. How many of these sisters are alive? iii. How many of these sisters are dead? iv. How many of these sisters died during pregnancy, labour or within 42 days after the delivery?
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Results from the findings shows that 17 087 women of childbearing age (15-49 years) reported 38 761 maternal sisters of whom 3592 were reported dead, and 1261 of those who had died had maternal-related deaths. This corresponded to an LTR (lifetime probability of dying from maternal-related death) of maternal death of 8% and an MMR of 1049 deaths per 100 000 live births [95% confidence interval (CI) ¼ 1 021, 1 136] 2 ( Table 5 ).
The child feeding practices and nutritional status study from the Nahuche HDSS have further helped in understanding the prevalence of acute malnutrition in the study area. The study employs a cross-sectional descriptive community-based design. A multi-stage sampling technique was employed in selecting the respondents (Owolawi AB, unpublished MPH thesis). Overall, 70% (278/397) of all children in the study are stunted, 15% (59/391) are wasted and 37% are underweight (147/397) (Figure 7) . Considering the prevalence of stunting, 54.2% are severely stunted, 15.6% are moderately stunted and 30.2% are normal. Examining the respondents and index child (index child refers to the child included in the sample on which questions are asked) factors that may influence child feeding practices among under-five children showed that Challenges of low coverage of infant death highlighted above. respondents' age and education are less likely to influence child feeding practices. Also, respondents with parity greater than or equal to five were almost four times more likely to have better child's nutritional status than mothers with two children or less.
[odds ratio (OR) ¼ 3.652, P < 0.05). Summary of the findings from the study are presented in Table 6 and Figure 7 .
The study 'Norms within networks: opinion leader and peer network influences on mothers/caregivers' childhood immunisation decisions in rural Northern Nigeria' tried to fill a critical gap in the literature by investigating the impact of social network characteristics and norms on immunization use among a sample of mothers/caregivers (Goldberg A, unpublished PhD thesis). Findings from the study indicate that injunctive (perceived social approval of immunization use) and descriptive (perception of others' immunization use) norms independently predict mothers/ caregivers' immunization use in their peer networks, but not in their opinion leader networks. The results also confirmed that social control underlies injunctive norms and that social learning underlies descriptive norms. The study concluded that both communication and observed immunization practices are necessary conditions for normative influences to operate.
Future analysis plan
The Nahuche HDSS plans to analyse the coded verbal autopsy forms from 2013 to date for possible cause of death and trend. Also, we plan to measure the impact of various intervention programmes (put in place to address the poor maternal and child health indicators with the aim of possible scale-up, e.g. use of misoprostol and chlorhexidine, to reduce maternal and child mortality due to postpartum hemorrhage and neonatal sepsis) on the health indices for the area by assessing changes in demographic rates for 2013. Sisters exposed are those who are exposed to the risk of maternal death. 
Strength and weaknesses
The HDSS provides a platform from which researchers and students can conduct their research in order to provide useful scientific output in understanding some of the bottlenecks in the health system management. For instance, in terms of low facilities utilization, researchers have used the platform to identify the factors responsible for the low level of facility deliveries among pregnant women in the area. Results have shown that cultural beliefs and the health workers' attitudes perpetuate low facility deliveries. Also, findings from Nahuche HDSS VA data (sepsis accounted for 58% of neonatal deaths in Table 2a ) informed the intervention of the Misoprostol and Chlorhexidine Study for possible scale-up by the government. There are clearly spelt-out plans for capacity development for local researchers in the 5-year strategic plan of the Nahuche HDSS. The Nahuche HDSS platform has been used by one PhD and four Master's students from universities in the USA, UK, Nigeria and Malaysia. The major challenges have been with the high expectation of the individuals within the communities that participation will be rewarded individually and also apathy as a result of past failed promises from individuals and government.
Data sharing and collaboration
Researchers can access Nahuche HDSS data by completing the data request form available at the director's office.
Prospective collaborators can apply to the ethics review committee of the Zamfara State Ministry of Health by submitting protocols for ethical clearance from the committee. Nahuche HDSS is a signatory to the data-sharing policy of the INDEPTH Network. With the link to the INDEPTH Network, the HDSS is able to make use of standardized data collection tools for ease of comparing with other HDSS sites; thus providing the potential for cross-site studies. Nahuche HDSS Director O.M. Oche, [ochedr@hotmail.com] is the contact person for data use and collaborations.
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